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INTRODUCTION

Trichloroethylene (TCE) is a industrial solvent that is
used widely for degreasing of metallic surfaces. This use
has made TCE a common chemical of occupational exposure
within "he Air Force and a frequent contaminant of ground
waters in the vicinity of Air Force Bases. Regulation of
TCE by civilian agencies (e.g. USEPA) has focused on its
carcinogenic properties, although it produces a variety of
other toxicological effects, most notably hepatotoxicity.

The designation of TCE as a carcinogen has been very
controversial primarily because of it only appears to
produce tumors in mice (NCI, 1976; NTP, 1983; NTP, 1985;
Henschler et al, 1980; Fukuda et al., 1983) despite having
been tested in seven species of rat. TCE is weakly
autagenic at bes. (Bull, 1985). As a result there has been
considerable debate concerning potential mechanisms by which
7CE produces tumors. A number of hypotheses have been
developed around the observation that TCE is metabolized
less extensively in the rat than the souse and the fact
that metabolic conversion of TCE is saturated at lower doses
in the rat than the mouse (Prout et al., 1985).

It has been recently shown that trichloroethylene is
capable of inducing proliferation of peroxisomes in the
liver of mice, but it is less effective in inducing this
effect in rats (Elcombe, 1985). This property of TCE is
shnred by trichloroacetic acid (TCA), a ma]or metabolite of
TCE (Green and Prout, 1985: Prout et al., 1985). TCA has
been reportea as capable of inducing peroxisomes in both
Pice and rats (Elcoxbe, 2965). Since peroxisome
pro. iferatior. has been associetec with a variety of other
coppounas that are hepatocarcinogenic in 'rooentp-, but wlich
*itr,*r ,acke= or possessec very minimai genotoxic activity
(Reccy et al., 1983), attention has recently focussea on
this as a potential explanation for the species specific
nature ot TCE's carcinogenic effects.

There are a number of steps that are common to the
metabolism of ethanol and TCE. This led us to propose that
interactions between the toxicological effects of ethanol
might provide useful insights into the mechanisms involved
in the , epatotoxic and hepatocarcinogenic effectz of TCE.
While the question of the interaction& in the toxicology of
ethanol and TCE are still of interest, some of our recent
work has cast doubt on the current hypotheses that attempt
to attribute the hepatotoxic and hepatocarcinogenic effects
simply to trichloroacetic acid. This report includes data
supplied in the following forms:

2. A paper, "Induction of DNA-atrand breaks by
trichloroethylene in rat and mouse liver in vivo."

2



recently submitted to Toxicology end Applied
Toxicology.

2. A progress report on the work describing the effect
of dose on the metabolism of TCE and the modifications
induced in TCE metabolism by ethanol in the rat.

3. A report on work directod at Identifying
preneoplastic lesions in the souse liver. This will
include some preliminary data which suggests that
dichloroacetic acid is a potent hepatoxin and
hepatocarcinogen in nice.

RESULTS

Induction of single-strand breaks in hepatic DNA. Most
of the data concerning the ability of TCE or its metabolites
to produce single strand breaks (SSB) in vivo are included
in the accompanying manuscript. Therefore, the data will
only be summarized end discussed as they pertain to the
further development of thf prolect. It is important to note
that measurement of SSB in these experiments was done 4
hours after the administration of TCE or its metabolites.

This becomes important in Interpretation of oer results to
date.

TCE was found to induce SSB in hepatic DNA of rats at
high doses (e.g 0 in the range of 20-30 mmol or 3-4 g/kg body
weight). In mice, the dose required was still high, but
considerably lower than required in rats (e.g. 6 mmol or
0.75 g/kg).

As reported previously, pretreatwent of rats with I
phenoarbitai or low doses of TCE (below those requirea tco
inouce SSE), decreased the subsequent (24 h after the last
pretreatment) challenge doses of TCE required to induce SSL.
Ethanol pretreatments did increase the rate of DNA
unwinding, but not significantly. There data suggest that
TCE requires metabolism through a phenobarbital and TCE-
inducible pathway to produce SSB. Ethanol-sensitive
pathways appear to be less involved, although a complex
interaction between bioactivation and detoxification steps
(e.g. phase I and 11 systems) cannot be ruled out at this
time.

We have subsequently examined the ability of stable P
metabolites of TCE to induce SSB in hepatic DNA under
similar circumstances. In the rat, dichloroacetic acid, i
trichloroacetic acid and trichloroacetaldehyde (chloral)
were all capable of inducing SSB. Trichloroethanol was
inactive. In mice, the &ame three compounds produced SSB.
To compare the responses between the two species we provide
an estimate (obtained graphically) of the dose of each
metabolite that was required to increase the fraction of DNA



unwound in 2 hours to 0.4. The comperison of different
metabolites on this basis is provided in Table 1. In
general, moat metabolites of TCE were somewhat more potent
in B6C3F1 mice than in Sprague-Dawley rats. The moat
striking difference is the much higher potency activity of
trichloroacetic acid in mice relative to rats.
Approximately 1/20th of the dose is required to produce
equivalent amounts of DNA damage in mice relative to rats.

Studies of TCE metabolism and its modification by
coadministration of ethanol have progressed very rapidly in
the past few months. We have examined the influence of
using doses which apparently saturate the capability for
metabolizing TCE vs. non-saturating doses. These data
suggest that we need to evaluate an additional lower dose of
TCE and to examine the influence of a larger dose of ethanol
to TCE ratio in the dosing. Consequently, the data and the
conclusions drawn from it this report should be considered
preliminary.

Figures I through 5 display the differences in the time
of appearance and disappearance of TCE and its three major
metabolites when TCE is administered at saturating (22.8
smol or 3.0 9/kg) or non-saturating (4.6 mool or 0.6 9/kg)
doses to the rat. In Figure I it is apparent that the peak
levels of TCE in blood are not simply dependent upon dose
since the concentrations in blood at the high dose were less
than two-fold those observed at the low dose, despite the
fact that the dose increased by five-fold. On the other
hand, the concentration vs. time curve indicates that the
area unoer the curve (AUC) is roughly proportional to the
orae of TCE, increasing by a factor of 6.ý (Table 2).

Tre peak concentrations of the metabolites of TCE 1r.
blooc were delayed and their persistance in the blood
(Figures 2 to 5) appearea to depend largely upon the
proonoed period of time that TCE was syatemically
available. In most cases the terminal elimination curves
dia not differ significantly at the two doses of TCE,
suggesting that excretion of the aetabolites was not rat*
l•i iting.

As might be surized frow the above data, the AUC for
the Petabolites of TCE were increased by the higher dose of
TCE. However, this increase was not In direct proportion to
the dose nor the AUC observed for TCE. In Table 2 it can be
seen that Increasing the dose of TCE from 0.6 to 3.0 g/kg
increased the AUC of trichloroacetaldehyde and
trichloroacetlc acid by s factor of 2.3 and trichloroethanol
by 3.0. The AUC of dichloroacetic acid was increased to the
smallest extent, by a factor of 1.9 with the five-fold
increase in dose.
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In Table 3 the affect of the two doses of TCE on the

amount of each metabolite that appears in the urine provides
further perspective. Aside from the possibility of further

metabolism, urinary excretion is probably the only
significant route of excretion for the three metabolites,

trichloroethanol (free alcohol and glucuronide vclues are
combined in the table), dichloroacetic acid and
trichloroacetic acid. The total elimination of
trichloroethanol, including Its glucuronide (determined by
hydrolysia with bets-glucuronidase) was increased by a
factor of only 1.4 with the five-fold increase in the dose
of TCE. Conversely, the total urinary excretion of I
trichloroacetic acid was increased by a factor of 9.3, to
the point that it is accounting for 3% of the total dose of
TCE cospared to 1.6% at the low dose. Dichloroacetic acid
eliminaation was increased by a factor of only 3.1. Dez-,te
the varying effects on individual metabolites, it is clear
that the proportion of trichloroethylene that is metabolized
to products that are excreted In the urine is substantially

reduced at the higher dose as well. Only 8.3% of the dose
could be accounted for in these three compounds at the high
dose, whereas 19.9% was found at the low dose.

The effects of ethanol cotdainistration on TCE
metabolism has led to equivocal results. Consequently, we
have not included in the report. In auxuary, we have found
that concentrations of trichloroacetic acid in blood are
decreased with ethanol coadministration, but these
differences are not statistically significant. At the low

dose of TCE, but not at the high dose trichloroethanol
levels also appear to be increased. Again the data are too
inconsistent to allow firr conclusions one way or the other.
A s&,i.,iar trene it observes when these metabol-ites are
neesuriz in urine. 7hi magnitude of the differences are tcc.
Large to be satisafied that there is no effect. Therefore,
we intend to pursue this issue until values converge or
etatinticaiIy significant results are ottainýd. One factor
may be that we have only usea a 1:1 molar ratio of ethanol.
We intend to increase this ratio to 2 in our next
experimental aeries to see if a more conasitent effect can
be proouced.

Since the hypotheses we were pursuing is that
trichloroacetic acid was involved in the hepatocarcinogenic
ano hepatotoxic effects of trichloroethylene, we began some
long term studies to establish whether histological changes
could be produced in the liver with trichloroaceLi4 acid.
Dichloroacetic acid has also been investigated because it is
a minor metabolite of trichloroethylene and Is closely J
related to trichloroacetic acid. It is important to realize
that it is produced by a pathway which is relatively
independent of the pathway that gives rise to
trichloroecetic acid. This pathway does not Involve an

aldehyde intermediate and should thus be less susceptible to



modification by ethanol. Neonatal rats were initiated with
diethylnitrosamine. When they were weaned (21 days of age)
they were placed on drinking water containing 5 g/L
dichloroacetic or trichloroacetlc acids. Other animals
received 500 mg/L phenobarbital as a posltive control and a
fourth group received distilled water as drinking water.
Control groups that received no diethylniltrossmine were also
included. Compounds that are peroxisose proliferators do
not produce foci with the same phenotypes as is observed
with phenobarbital promoted foci. Consequently, these
experiments are meant primarily to provide tissue that
contain enzyme altered foci with dichloroacetic and
trichloroacetic acid so that their staining characteristics
could be confirmed, so a minimal number of animal& were
involved. No sacrifices of these animals have yet been
conducted.

A similar, but more complete study was begun in mice
(40 animals per group), except the animals received no prior
initiation with diethylnitrosamine. Thue latter approach
was taken because of a preliminary report which indicated
dichioroacetic and trichloroacetic acids were capable of
producing hepatic tumors in S6C3F1 mice (Herren-Freund et
al., 1987). Our intention is to sacrifice 5 animais with
each treatment at approximately 15, 24, 36, 52 week
intervals arid to leave the remaining animals for overt tumor V.
developpent. The data referred to here are taken from the !
first two sacrifice periods. Considering the result,% that
were obtained at these time points we have begun ani ale on
two lower doses so. that dose-response relationships can be
defirna. The groupe in the mouse study include the
follovinr:

Control - distilleo water
cichloroacetic acid - 1 9/L of drinking water

2
Tr.crloroacetic acid - I "

2
Phenobarbital - 0.5

Upon sacrifice, the most rewarkable finding with
diclloroacetic acid is the marked liver enlargement. At the
single dose (2 g/L) for which data is curtently available,
liver weight as a percentage of the body weight is almost
doubled (Table 4). A smaller increase is seen with 2 g/L
truchloroacetic acid, but its effects are comparable to that
observed with 0.5 g'L phenobarbital. The effects of both
compounds as observed after both 15 and 24 months on study.

Histologically, livers from dichloroacetuc acid show
marked changes. The most prominent and consistent finding
was the marked enlargement of liver partnchysel call&. This

hypertrophy was associated with a marked accumulation of
glycogen as observed with a periodic acid/



Schiff stain (Humeson, 1967) which will be diacussed later.

At the 15 week sacrifice we noted a number of areas of
focal staining for glucose-6-phosphate dehydrogenase (G6PDH)
under oxygen. Alerted by the frequent association of this
staining with what appeared to be locally infarcted areas on
the frozen sections, we asked for assistonce from Dr. Chuck
Leathers, a veterinary pathologist. At his suggestion we
investigated whether the local staining could be attributed
to infiltrating lymphocytes. In figure 6 a frozen section
of liver taken iron an animal receiving dichloroacetic acid
shows areas of positive staining for G6PDH. A contaguous
section is shown in figure 7 that is stained for G6P (Benner
et al., 1979) displays no corresponding area of staining.
Examination of an adjoining section stained with H&E (figure
8, section contains some artifact because stain applied to
frozen rather than fixed tissue), it is clear that the cells
which are staining positive are not hepatocytea. Figures 9
and 10 simply show that cells with similar properties are
easily identifiable in the spleen. These splenic cells did
not stain for G6P (data not shown). The cells which stain
for G6PDH are clearly leucocytes. In our view these date
show that caution must be exercised in identifying areas of
staining as being indicative of altered phenotype in liver
pazenchymal cells.

In addition to the G6PDH stain, frozen sections from
the 15 and 24 month sacrifices have been stained for gamma
glutaxyl transforase (GGT; Rutenburg et al., 1968),
canalicular ATPase (Wachstein and Meisel, 1957) and glucose-
6-phosapatase (G6P; Benner at al., 1979) in frozen sections.
To this point in time no foci have been identified using
these 3tains. This is not necesLarily contradictory with
tex.Ita with HLE staining, since these reesurements have
been maze on ranoow sections, whereas the H&E sections were
done exý,austlvely frow. paraffin-embeddea block&. Thus, it
is entirely possible that these lesions observed with HLE
ztaering would stain for one or more of these histochew..cal
markers.

Based on our experience at the 15 week sacrifice, we
have sectioned completely through one lobe of the liver from
each animal and etrined every 20th section with hematoxylin
and eosin (H & E). This was done in part to be certain that
we were not missing some changes that would not be apparent
in the frozen &ections. In the dichloroacetic acid-treated
animals area& of densely packed cells that appear to be
mitotically active (Figure 11) were observed in 3 of 5
animals. Such leslons have not been observed in control,
tri'hloroacetic acid or phenobarbital-treated animals. This
sect;on also makes clear the cellular hypertrophy that is
induced by dichloroacetic acid (I.e. compare to normal areas
in other H & E sections provided). Figure 12 staining for
glycogen in a section contiguous to the section in figure 11
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and illustrates the accumulation of glycogen in
hypertrophied cells. These figurea also illustrate that the &
focal area observed in figure 11 is glycogen poor compared
to the surrounding cells.

A summery of the results of this sectioning is provided
in Table 5. Essentially we observed that there are a number
of preneoplastlc lesions becoming apparent in dichloroacetic
acid treated animals. While numbers of animals ore too
small to come to firm conclusions, there is a reasonably
clear trend in the appearance of theme lesions. Three of
the five animals displayed these lesions in the
dichloroacetic acid-treated groups whereas no evidence of
these lesiona has been observed in control animals or in

those groups treated with tricnloroacetic acid or
phenobarbital.

DISCUSSION

The ramifications of our results in terms of 4.

identifying mechanisms by which TCE produces hepatotoxic and 1%
hepatocarcinogenic effects are not altogether clear. The
ability of TCE and its metabolites to induce SSB in hepatic
DNA may well be rwlated to both hepatotoxic and
hepatocarcinogenic ezfects, but this revains to be
established. At present all that can be concluded is that
the activity of these metabclites in mice and rata is
consistent with the rleative sensitivity of these two
species to the hepatocarcinogenic effects of TCE. In
addition, the nature of the metabolites that produce this

effect (particularly dichloroacetic and rrichloroacetic
acids) raises questions as to whether SOB are dir'ectiy
inaucec in hepatic DNA or wriether a inorect mechaniar is
invcvecd (e.g. inhibition of repair).

If the induction of SSb is involve: in the
hepatocarcinogenic effects of TCE, the present data indicate
that the effects of TCE may not be mediated through zeactive
intermediates such as trachloroethylene oxide or
dichloroacetyl chloride as has been suggested by other
investigators (Henschler, 1977; Miller and Guengerich, 1983;
Hathway, 1980). It is more consistent with the hypotheses
put forward by rlcombe (1985) that trichloroacetic acid may

be responsible for these effects. However, our data is
inconsistent vith the notion that 5SB induced by TCE or Ats
metebolites are secondary to the induction of peroxisome
synethesis. It requires days to weeks for peroxisose
proliferators to produce a maximal response, whereas our
data show 5SB to occur at four hours. In addition, the
increased numbers of 5SB appears to largely disappear within
24 hours. Work now underway Indicates that the peak levels
of SSB actually occurr within the first hour after
administration of dichloroacetic acid, at least.
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The results presented here with respect to the
metabolism of doses of TCE that saturate metabolic affect
TCE metabolism in a very complex way. It is clear frcm
these results that measurements of the concentratione of TCE
or its metabolites at one time point in blood or urine give
a false impression. The modest increase in the
concentration of TCE in blood (1.6 times) with a five-fold
increase in dose was somewhat surprizing. The basis of this
observation ra-ains to be established. It is reasonable to
assume that the damping of peak TCE concentrations is
related to the partitioning of TCE into body fat. This
would be consistent with the greatly extended period for
which TCE remains at high levels in blood at the high dose.
Essentially, fat could served as high capacity reservoir for
TCE that would maintain blood levels over time. Metabolic
or other excretory possibilities could not account for this
behavior. The only other plausible explanation would be
saturable mechanism for TCE absorption, a concept for which
there is essentially no support.

Undoubtedly, the dampened peak concentrations of TCE
and its persixtance in blood at the high dose plays an
important role in a similar dampening of peak conicentrations
of its metabolites in blood, their persistance in blood and
prolonged excretion in urine. There also was an marked
decrease in the overall metabolism of TCE at the high dose
relative to the low dose. However, the decrease in the AUC
for individual metabolites was not simply related to the
overall decrease in metabolism. In the case of

dich.,oroacetic acid, the AUC wes increased by a factor of
:.9, b..t the amount excreted was increased by a fector of
3.0 wnen the dose of TOE was increases five-fold. The save
circuestance resulted in a urinary excretion of
trichloroethanol plus its glucuronide of only 1.4 fold, but
the AUC for free trichioroethanol in blood increased by 2.3.
The Post interesting metabolite was trichloroacetic acid
because its overall production as measured by urinary
excretion actually increased by 9.3-fold, almost twice that
which would have been expected from the five-fold increase
in done. On the other hand, its AUC was increased by only
2.3-fold.

Examination of the urinary metabolites of TCE provides
a basis for speculating about processes that might be
controlling changes in TCE metabolism at saturating doses.
The convers-.on of TCE to trichloroethenel Is inhibited at
high doses to a msch greater extent than the other
metabolites. This cannot be simply attributed to saturation
of cytochrome P 4 50 dependent oxidations because
trichloroacetic acid is derived from the same intermediate
as trichloroethenol (i.e. trichloroacetaldehyde) and its
production is actually increased relative to the dose
acuiniatered. We suggest that int;ibition of glucuronidetion

9



of trichioroethanol occurs, probably as a result of depleted

UDPGA stoaes. The smaller renal clearance of free
trichloroethanol would favor oxidation of

trichloroacetaldehyde to trichloroacetic acid which is more

readily cleared by the kidney in an unconjugated form.

Prior studies of TCE metabolism at high doses have

often focused on measurements of TCE or !ts metabolite^ in

blood or urine at one point in time (Buben and O'Flaherty

1985; Green and Prout, 1985; Prout et al., 1985; D'Souza et
al., 1985; Rouisse and Chakrabarti, 1986). Such comparisons
would tend to exagerate the importance of differences in

metabolism as being important in the toxicological effects
of TCE, particularly if such measurements were confined to

the first 24 hours after exposure. Consideration of the

AUCs of these metabolites indicates that the exposure is not
as different from what would have been predicted by the
increase in dose. Finally, it is important to realize that
the relationship between the AUC and the toxic and

carcinogenic effects of TCE will depend substantially on the
mechanirm by which TCE induces these effects. Genotoxic

effects directly exerted by TCE or one of its metabolites
may be directl7 proportional to the AUC. A linear
relationship between AUC and toxicity mediated through other
mechanisms would not necessarily be expected if the effect
was reversible.

The investigation of the effects of dichloroacetic and

trichloroacetic acids on liver histology was undertaken to
obtain a more realistic assessment of whether K
trichloroacetic acid could account for hepatotoxic and
hepatocarcinogenic effects postulated by Elcombe (1985).
Involvement of trichloroacetic acid in these responses is

inportant to our hypothesized interactions with ethanol.
Our original proposal was built around the notion that
alterations in the production of trichloroacetic acia fror
trichloroethylene with ethanol would provide direct
information as to its involvement in the hepatotoxic anc
lhepatocarcinogenic effects of TCE. Our data on induction of

strand breaks, particularly the large diuference in potency
between trichloroacetic acid in mice vs. rats, suggests

that the hypothesis is reasonable. Our histological data
(at preliminary as it is) and metabolic data cast some doubt

as to whether the e*fects can be attributed specifically to
trichloroacetic acid. They indicate that we must more
specifically consider the role of dichloroacetic acid in

these responses. Our metabolic data indicates that if there
is an effect on trichloroacetic acid fcmration by ethanol
(data is still inconclusive as dvscrib, J above), it will

also effects dichloroacetic acid to roughly the same extent.
If this trend is confirmed with iuther experimentation, we
will have to resort to more specific inhibitors of

trichloroacetic acid formation (e.g. inhibitors o, aldehyde
de*ydrogeneseJ to isolate its contribution to the

10
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hepatotoxic and hepatocarcinogenic effects of TCE. The

histological data strongly suggests that the potency of
dichloroacetic acid as a hepatotoxin and possibly as a
hepatocarcinogen may be considerab~y greater than for
trichloroacetic acid in the mouse despite its greater
ability to produce single strand breaks in this species.
This rainforceo the need to proceed systematically in this
regard.

WORK PLAN FOR YEAR 2 AND BEYOND

It is our intent to continue pursuit of the general
aims of our original proposal. Those were to determine what
role trichloroacetic acid plays in the hepatotoxic and
carcinogenic effects of trichloroethylene and to investigate
the importance of peroxisome proliferation to these
responses. These questions have practical as well as
scientific implicutions. There is considerable amount of
controversy over whether a chemical such as
trichloroethylene should be regulated as a carcinogen. This
is in part due to the fact that it has not been possible to
show that it is carcinogenic in species other than mice.
Because of its limited genotoxic activity there is also
considerable question as to the sechanias by which
trichloroethylene induces cencer even in mice. If its
eff£cts are mediated through a mechanias such as peroxisome
proliferation, it is clear that no additional risk for
cancer would exist at doses below those inducing peroxasome
proliferation. If such was the case, then extrapolation of
risks to low doses should not rely on linearized models of
risk. Consequently, pinpointing the mecnanism that is
responsible can affect estimations of what are ha&arcous
exposures by orders of magnitude.

W.at may have to change irn our wore is the methoc by
which we pursue these questions. While it is premature to
state this for certain, our data suggest 1) that the use of
ethano- may not be the appropriate to isclate the role of
trichloroacetic acid in these responses and 2)
dichloroacetic acid may play a more important role in the
responses trichloroethylene than has been previously
appreciated. A logical modification in our experimentea
design to address point 01 would be to use more specific
inhibitors of aldehyde dehydrogenase. This should decrease
the formation of trichloroacetic acid, but should have
little effect on the formation of dichloroacetic acio fror
its precursor dichloroacetyl chloride. The second question
must be addressed by developing comparative dose-response
information on the hepatotoxic and hepatocarcinogenic
effects of dichloroacetic and trichloroacetic acids. As has
been indicated above such studies are underway.

Therefore, over the next year our work will concentrate
on the following research questions:



1. Confirm tile non-linear relationships in TCE
metaboZliam by Including another, lower dose (e.g. 0.12
g/kg).

2. Extend the metabolism work to B6C3Fi mice as
described in the original proposal.

3. Determine whether ethanol specifically modifies
metabolism of trichloroethylene to trichloroacetic acid
at less than saturating doses of both compounds. Work
will include a higher ethanol to trichloroethylene
ratio than the 1:1 molar ratio used to date.

4. Determine whether covalent binding of TCE and its
metabolites change when trichloroethylene metabolism to
trichloroacetic acid is modified with ethanol or
inhibJtors of aldehyde dehydrogenase (see #5). These
experiments will be performed using 14 C-labelled
trichloroethylene.

5. If ethanol proves not to be suitable as a
relatively specific modifier of trichloroethylene
metabolism, we will investigate the use of aldehyde
dehydrogenase inhibitors such as Disulfiram to see
whether the formation of trxchloroacetic acid from
trichloroethylene can be more specifically modified.

6. We will continue the ongoing experiments to produce
tumors in B6C3Fl mice with trichloroacetic acid and
trichloroacetic acid. This will allow their
histochemical staining properties to be definec and
validated for use as markers of preneoplastic chance.
Tnis is ieeded to conduct interaction studaeE for
periods of time less than that required for o)vert tumor
development (e.g. months rather than years). /,t this
pcint in time glycogen depletion and H&E stains are
very promising. based upon previous work of Herren-
Freund et al. (1987) these look like they will be
relatively low frequency lesions, and all may have a
high liklihood of going all the way to hepatocellular
carcinomba. This is attractive from a predictive point
of view, but the low frequency precludes the use of
random sections of the liver to demonstrate the lesion
and may make it difficult to operate with an
experimental period of less than 9 months. Such a long
period will limit the amount of interaction work that
c~n actually be done.

7. Assuming that our metabolic work provides data
supporting a relatively straight-forward interaction
study can be conducted with ethanol, we anticipate that
experiment beginning about the first of April. If it
as necessary to go to alternate means of modifying.



trichloroecetic acid product.on, these studies would

not be initiated until the first of June to allow
working out of doses of aldehyde dehydrogenase
inhibitors to be based on solid metabolic data.

8. We will attempt to clearly dissociate the effects

of trichloroethylene and its metabolites for inducing
strand breaks from peroxisome proliferation. Our data

indicate that single-strand breaks occur before the

liver is able to increase beta-oxidation of fatty

acids. A time course for induction of SSB will be
compared to the time course of increased capability for
peroxisomal beta ox.dation early in the second year.
The assays are in hand and the positive control

experiments with Clofibrate in B6C3F1 mice have
demonstrated induction of peroxisoze synthesis.
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Table 1. Activity of trlchloroethylene end Its metabolites
in Inducing single strand breaks in hepatic DNA of mica and
rats.

Sprague-Dauley B6C3F1
Compound Rats Nice

Trichloroethylene 30*

Dichloroacatic acid 0.35 0.6

Trichloroacetaldehyde 2.9 2.7

Trichloroethanol Inactive --

Trichloroacetic acid 1.9 0.1

* Dose in *moles/kg thet was required to increase the

fraction of DNA unwound in 2 hours at 00 C to 0.4.
. Although TCE induced SSB at lower doses in mice than
rats, doses which would reach the criteria of 0.4 stated
above were lethal in this apecies.

16
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Table 2. Average area under curves (AUC) for
trlchlorothylene and its metabolites in rat bloc.d following
administration of saturating and non-saturating doses of
trichloroethylene.

Dose of Trichloroethylene High Dose
Compound 4.6 mmoles/kg 22.8 mmols/kg Low Dose
I~3tugzIutII33333333I333333333333333II33I33333333333U5333I333

Trichloroethylene 2102 + 238' 13317 * 1229 6.3

Dichloroacetic acid 536 * 148 1036 * 15b 1.9

Trichloroacetaldehyde 7.8 + 1.3 18.0 + ..3 2.3

Trichloroethanol 105 * 17 316 * 40 3.0

Trichloroacetic acid 5674 + 1929 13030 * 5620 2.3

* Area under the curve was calculated using the '*near-
trapezoidal rule. These values are expressed in terms
of umole-h/L and represent the mean of 6 animals • SEN.

q
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Table 3. Urinary excretion of trichloroethanol,
dichloroacetic acid and trichloroacetic acid following

saturating and oon-saturating doses of trichloroethylene.

Metabolite Time 4.6 mmol/kg 22.8 amol;'Ig

Trichloroethanol 0-24 h 790 4 410 796 128
24-48 h 26 37 338 228
48-72 h 4D 1.1 * 1.6
Total 810 * 410 1135 + 106

(% of dose) (17.8 * 9.0) (5.0 + 0.5)

Dichloroacetic acid 0-24 h 18.4 * 10.0 27.8 * 10.7
24-48 h 2.2 * 1.8 33.9 * 12.6

48-72 h ND 1.3 * 1.1

Total 20.4 _ 9.5 63.0 * 19.0
(• of dose) (0.45 * 0.21) (0.27 * 0.08)

Trichloroacatic acid 0-24 h 61 + 48 294 * 139
24-48 h 12.6 - 11.9 341 • 222
48-72 h ND 20 * 26
Total 73 * 52 674 * 221

(% of dose) (1.6 * 1.2) (3.0 * 1.0)

* Values expressed as macI/kg body weight of the aetabolite

excreted.

18



Table 4. Effects of dichloroacetic end trichloroacetic

acids on liver weight of m&le B6C3F1 mice.

Liver weight
Compound g X body weight

Control (Dist. H20) 1.06 * 0.05 3.2 . 0.10

Phenobarbital 0.5 9/L 1.34 * 0.16' 4.2 • 0.351

Dichloroacetic acid 2 g/L 1.80 + 0.150 5.6 * 0.33'

Trichloroacetic acid 2 g/L 1.34 * 0.09' 4.1 * 0.14#

24 weeks

Control 1.06 * 0.04 2.8 + 0.17

Phenobarbital 0.5 g/L 1.24 * 0.040 3.7 - 0.094

Dichloroacetic acid 2 g/L 1.78 * 0.07'0 5.4 0.05'

Trichloroecetic acid 2 g/L 1.44 0.05* 4.2 * 0.14'

* Statitcally diferent frow. corresponding negative

control P < 0.05, ns5.

19
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Table 5. Appearance of preneoplastic foci in the liver of BSC3F1 mice
exposed to dichloroacetic and trichloroacetic acids for 24 months.

Total.$ 0 Animals
Treatment N foci with foci

Distilled water 5 0 0

Dichloroacetic acid 5 4 3

Trichloroacetic acid 5 0 0

Sections were taken every 150 V through the central lobe of the
liver. Focie were identified as areas of increased basophilia and
glycogen depletion. Foci ranged from 300 - 700 P in diameter.

2Ii

-4
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Figure 6. Section of liver from a B6C3F1 mouse that had received
dichloroacetic acid its drinking water for 15 weeks showing focal areas
of staining for GGFDH.

Figure 7. Contiguous section to that shown in figure 6 stained for G6F.
No evidence of staining was observed in any region corresponding to
those observed in figure 6.
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Figure 12. A contiguous section tc the one in figure 11 which has been

stie ihproi cdShf ti o lcgn
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Induction of DNA-Strand Breaks b, Irichloroethvlene ir, Fat and
Mouse Liver In Vi v o. Nelson. M.A. and Bull. R.J. (1987).
loxicol. ApLL Fharmacol. 00, 0-000. The present stud. examines
whether TCE is capable or producing single-strand breaks (SSE) in
the DNA of rat and mouse liver in vivo and the extent to which
metabolites might be responsible for these effects. After a
single oral dose of TCE. SSE were measured in hepatic bD.- of male
SFraiue-E:awlev rats and BEC3FI mice using the alkaline unwinding
assay. High doses ot TCE increased SSB in both species. but mice
were more sensitive. To investigate the contribaiticr. of the
metabolism of TCE on this response. rats were suiected to
pretreatments or ethanol (3.0 g, kg. F.c. ). phenobar:ital tSC
mg kg. I.F. ). TOE t3.6 mmol,'<g or 11... mmol,kg. F,.C.. or the
aF.FrOprlate vehicle for 4 days prior tc cr al lenge dose-- c r TOE.
Frerobart:tal and TOE. but not ethanol Fpret:eatmerts. rezuced the
dose o0 T:E required to produce significant increases ir. ISE. Ir.
a thiro series of eypermenrts mice anr rats were e)Fosed to
var , inr c_-,ses or tr ichloroacetic acid o tTC-.. dichloroacetic acid
L'LA) . Z:,,loral h aorate e CHH. or trichic.-oethanolI1lCEýj--. . TCA,

t,,-< anc %H induced ElIA-strano breaks r. a cose-deFencer. manner
in I iv'e r tissue from both specles. TEEOH tailed to ,rczuce UdIJA-
strand tL:eaks. In the rat DCA was much m::e active ir, ;zoauzing
SEE tha,. I CA. '.IA and CH appear to have a&out the same a_:ti it•.
In mrice. TCA -'as as effective as L,,A r, indusini ['.,-strand
t;ear.s. Eoth TCA and LCA were much more F:-.tent thar, 0-. iCE and
It s metacolites increased SSE at doses that p r C:.icea nc
obser'•at:e heFatotoxic effects as meas red bv I.run, a&r artate
amnirctrar.s eiase i AST and alanine aminotrarasterar ae ALT)
le%.eIs. 7ri ese obser vat ions ir, dicate tr.at ICE is circabie oC
ir.-:Jcini nE ir LfAA in .v1 VC. and that. the et I e1"C car, be
ou;icateo at muJ:, lower doses by three stable metab.i tes oi
TJE. Tr,e atilitv of a maior metabolite ct TCE. 19A. tc induce

I. ir. r.ep ti c L,14k in vivc appears tc coincide with species
sersit :'v to the hepatocarcinogenic erte:ts o0 TCE.

1iricr lIooexthyier~e CICE) is used exter.sively as an iroustrial

defreasir., agent and as a household clearnirn fluid .Waters et al.

I-7T-. it Is commornv found in waste disposal sites and is a

fiejuent contaminant of both surface and ground waters ,6estrick

et i,1. , 1 • •

TLE Floduces an increase in the inciaer.ce of liver reollasms

in mrice cut not rats kNCl. 1976 and I4F. I9•i. A rumber or

ex'larnaticns have been offered for the adti erence in tu..:rigeric

resronses between the two sFpecies. First. the rate of TCE

L AMP I I I I I I I ii



metabolism is much greater in the mouse than in the rat. This is

pfaiticutari-y noticeable at high doses 1 7.6 mmolkg. where the

pioportior, ot TCE excreted unchanged markedly increases in the

rat but less so in the mouse tFrout and Green. 19i5). rCE is

also mzre ettective in, inducing liver peroxisomes in mice

compsrec tc rats (Elcombe. 198$5. a FroFerty which has been

associated with hepatic carcinogenesis t Reddv et al.. 1983).

Tricrtic.:-acetic acid (TCA) is the metabcIite or TCE that has beer:

FOstuiatei to be respcrs•itle tor peroxiscme inouc-tion tElcombe,

TCE is metabclized bL the hepatic microsomal n,1xeo-tunction

oxidase s'.sterr, containing cvtochrome F-'4.C to intermediates that

car I ', rearraniement lea• to the rormation or cticral h*.Cxate

'CH, cr oIchloroacetl chloride [lteka:nt et al.. 19.6: Mi ller and

"".uerer :r,, 1r . .. CH car. be reduceo tc trichloroethanc, tTCEC)H;

zr o z:--eo to tr ichIor oaCetIc ac I (TCAJ. H,'drolvsis or

o(3) crh IcTC :et,i chior id lea,.:_ to the tornation o! dichloroacetic

* acid [ - Hathwa:.. 19&" ,

TZE has tbeer, shown, to covalenti- bino to DNNA when incubated

ir, the Fresence of heF.atic microsomes or the S9 ?ra::tion In vitro 4

,an Luu:ern ano baneriee. 1,T7. : b aneriee, ano Van Euuren. 197ý:

.unningtr am et I1.. l01:, tihenzo et al.. 19E,-. However. the

Ieve, i c* ICE-metabc, I ite t. mnoinr to he patic DNA in vIvO is vexA

how t Fd:br, n, ar, and Magee. 194.-: betgman. 19531. the lack ot a

demorstratle level of covalert interaction or TCE with DNA i n

vivo has leo to sug;estiions that TCE is ar. epigenetic carcinojer,

- - - ~ . ~ '



(Schumann et al., 1980: Stott et al.. 196L). The present

Investigation examines whether TCE is capable ot less Jirect

interaction with UI4A in vivo such that SSE are induced. Once

this was established we determined whether this etlect was

mCodi 1 1 t-d by inducing cytochrome F- 4E.• iso-vmes with h

p henobaz ital, ethanol, or TCE-pTetreatments and the extent it

might te produced by metabolites cI ICE.

,I
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METHODS

Chemica Is

Phenol and TCE were obtained from Fisher Scientit:c. CH.

L',.A. TCEIH. and TCA were purchased from Sigma chemicals. Furity

O0 adm:nistered chericals was conrirmed by gas-liquid

chromatcoraFh~y. Diaminobenzoic acid (IDABA) was obta:ned from 5

Koaak cremical company.

A.,nimals and Exposures

Ma.e Sprague-[lawie'," rats weighirg 3n -'--Cg itrom .ash. St.

Urniv. ý.D Animal Resource Center) arc male B6C3F1 n.:e (trom

.imcnser Labs. Ca.) weighing .- 3Cg were used. The anirals were

t couse• nr temperature controlled roo m.s .wiIth I-hr, l.rt,dark

c'c1e. Fooo (Furina Latorator', Rodent Chow. Ralston-Furina Cc...

,.. LouiE. MO. , arid water were F rovided ad 11bitur.

In tre t1 1St set of experiments. single doses :: ICE or

ir -IIid'..ai metar.:1htes were administe:ed lol low irig .ern iht g,

Tasting F.o. ir, a total volufre 10 ml Io a i% aqueous s ji. tonr cf

'Iw eer E' kg rodv weight. Control animals received an e:jivalent

•.clume Z: vehicle. Four hours after treatment. the arirm-s were 4

s'blIceio. ~10% liver suspensior.s prepared. and ESE, dete:rineo as

oesci ibe.: below.I

I, a second series of experiments. rats were sut'ected to

OF. II tIeatments cI ethanol (e or 3.C ( . ' . p.oF, .. prher,::a bital

ti o 1 E mg kj. i.p.). TCE tC or 3.6 or iI.41 mmolikg. F.o.). or

the appr:ri alte vehicle pretreatmentr tot Q da&vs pI Ior to the

I..i



administration or challenge doses ranging trom 3.6 to

30 mmol TCI,kg. Animals were sacrificed foul hours after

administration ot the TCE challenge dose as descr ibed below.

Alkaline Unwinding Assay

Tc measure SSE in [,1A. a moditied version or the alkaline

unwindinr assa', of Morris and Shert-er k1965$ was used. This

assa,' measures the rate of transition of double-stranoed DNA tc

sihgle-stranoed [NA dur ing alkalirne oenaturaticor.. DNA-strana

breaks serve 6 tspcits at wr, ich unwInair is initiate d Rvdberg.

I-E. Trereicre. the mc-re D,-.-strand tea :s present. the more

aaFid tr, e transit ion or double-strandeo DNA to sinrle-stranded

' r,,, in a, kalirne solutiorn. L[t4A-st ar d breaks ma, be present in

Si tu or result from htivorotsis ct alkalire-|at.ile sites in the

I .e tcllc..'ina -toc- soiutior,£s were used ir, the alk- aI ,ne

ur,..inoir.- assa• : i I E.(:, mM NaC i. 1.0 mM Na:El[,A. rH 6. k: I "C.

rrh ' 4auh. 4'. a C I I I I C, mM N am: F0. . I . M fNaCl.

Ea-: I IIce ot animals arid Fp epa:atior. of i i.er sbrr.F Ies was

cconductec; in sut'dued lighti ng kindirect inandescert li gtin ir to

a& .cid tr.e introduction of strand breaks t° L'V: irradiation. Trie

livels £e••re immediatel, remo~eo trom the animc-ls. wei;red. ano

rinsed ir. ice coid sclutior, 1. Connective tissue war remcoved b,

usinj at ice coc1 tissue pless H. rHarvaro AFFaara&tuf. M IllIs. MA,

etu pr.ec witt. a st.ainless steel mest, sieeve .ith I.' m. diame te

holes. ",Sne Fpch1 tIiC'n of li ve ti2S-Eue was oalutea witr. n ir e vo lumes-

iW v c: ice cold solution I iarid tissue suspensiorns wee prepared



with a single stroke of the pestle of an ice cold. hand held. 30

mli. otter-Elvehjem tissue grinder. The samples were then placed

or, ice Ior one minute to allow debris to settle. After one

minute. the upper most layer or the susFersions were withdrawn

and vi•crously pipetted into one ml or ice cold solution I1.

1rte samF ies were allowed to sit on ice ror ",' hrs. without further

agitatior.. The samples were neutralized b'; rapid additiorn of one

fri i.c:ti:ns or ice cold solution III. Samples were irmm diatelv

sEricate: rot € seconos to shear the FartialI'v urcund El4A into

smail F;eoes or double-stranded tbE; ana singie-st:arnoeo 'S- [;Nt

ktArstror and Erixsor.. Ib1: hydberc. I-7 Ej. Irhe reutraI =ed

sýffF .ies -ere s l I.t annd one portior w- aS arn alVea QICr total DitN

-r:ter.t ar.d the seco1,d arialI, zed Ior US L I.A Iollowinr, extraction

Ir . .- .ttr, phenco i. Frotein ar- iFids '•• ee re trzeo t'.

P iv,'I.;- Z these sarrF ies witr, or, e ri pci tF c ,r, cI cr, iorc rrr .

L,:- * &s a ss. eo usir,j :etaro arnc Mo le.'s - I -. ,- ca tr. :at cr. cI

t. issz! rE a rd hot Ir's', 1:4E& Idiatrnrc~ter.:ic boIa0II .?co f, -t r I

SS -. I.. Tre Ira ,:tIcn or ErD A untcuno ýa_ c.,cuiate 7 a_ tre

t r azt c.i. L.,1.. ur,6ound equal to:

IL,1 i, -L ,-L 4 1; N , -I Total EM - [,: LI.,-L ,

i ci ta Lc.. ti i iL ota I L1NA

.tt.e trt subs.i iFt indicate the amc.urt c.I dout. Ie st anoe j N.tA a?

tmI i m aand " t ret er s to the i r,. ouuba t 1 01 t n.e ir a I:& I ine

so I u t i r,.

Serur Er:-.me L eterminat onr

An r,.ls tre ated ir, P Faral let laShior. tc thcse used tc

oet- r Orr e TIti E:E Ir. r.epatic LI4A we Tr - sý,,. r i = t .z a tr-uls



alter a challenge dose ot TCE or its retabolites to determine

whethez increases in aspartate aminotrinserase (AST) and alanine

aminotrar, serase (ALT) enzyme levels provide anv indication ot f

hepatit , iriur',. Blood was drawn from the interior vena cava and

the serur separated b-," centrifugation ar.: assayed for serum ALT

and A1 leveels using diagnostic kits purchased torrr Sigma .

Chemmcai Co. I hese assays dopend or; £pectrophotometric

detern T'."ion of the decrease of NA[1H that result.s irct. ccuFjing
I'

the z-,ir.: trarisrerase activity to the redu iorý or itts prcaucts b,

maiate c---r, vd rogenase and iactate der,.-drc: -.ase resFect 1-.e',

RESOLTS

F". sim•licit, . inczeases In the :a.e o, EI.A unwinding

UrT;JeI a. Il re conditiors wllI be rererred to as increases in

s ir. -e-s".ara bieaks S it [,.-. S•i ,.e Leer demonstrz6tel to

t.e the MEa 1 EP actcr ir,.'ol,,ed ir, irc:easej rates ot al al Ine

Ur-. 1,'.0 1 k,dber I . 1--- .7

1 1 VIauces S -:E in rI t heFr '.Ic L-r. i - r, c ,Fir. I,. '-. N.
,1.

sir, i e : al dose cit 3¢ mtol kI g TCE sigril icart Iv ircreased ESSE',

zeii.ti.s to contrIls. Loses of 3.. anc 11.,A mirol4k i CE were

.1 t hout ellect. r. i subsequent exPer.ert iFiC. >. the

irte rme i.ate dose oC ..I . mmci kg S alsc round t*z lnf ,Jce

:r-L-i- &. t-It F TetIea-tM.ert is knOwy, tc,&ltir the tret.loL ism

ot icE ,. I le e rd ,Guee: ich. - Ic in.estigh3 te the role

i.'t, -C : F P o! 1CL ft,•L ) t? pl . 1n the irn ict iOr, c-i SSE rits were

IbW % %- "%N



pretreated wi th 50 mg/kg phenobarbital .i.p.) tot rA days. :%

Phetiobart ita l pretreatment lowered the dose ot TCE required to

Froduce significant increases in SSE to 11.4 mmol,,kg or, the titth

da', (Fie. 1). , "I

Etranol FIretreatmernt is also knownr to modit', the leý'els or
a. I. 1C4

-r, the liver k KOoF, et al.. 1 R6: Ryan et ai.. t9E,•-

chanj in , the metabolism ox a di IeTer.t set ox su•st rates.

Ihererc.!e. we exam ired the abil it-, ot etrrc_ i Fretreater:ts

i. x a da'.s ) tc mocldt" the irdu:: :r O SE . A-r ir,: e.s e

ine~l. Z2' co a IkalI irne uriw iroair was otser .e 3 t F ig .. tit wa Z

sra: IIe: t, nan that otser'.ed 1c0)t ow:lng Ft.er:ctarr.ItaA Fre*.reitmer,t

and was r.:t statistically signit icart licr trie ra'e ctser d Irorn

ver. i Ie-Lretreated ar, imals.

6 .er, the obseerat ior, that ptheno aEr :t i loWere thre dc Se ot

iýE ye .:eo *o increase SE.. tre xIx luev.:.e cOr F roi o:s-s ot iCE

or, tris lesForse was deteimined. As Fre,-iousn1 mer.vicr.ez dcse--

or a.,. rd 11.4 nvm. C, I g 7CE , geW e .Itho:ut ex ezt wtien

idfr v.ste:etea these doseF weIe used 1:I the F, ret:e t.,e¶t. t- tr,

.animals !retreated 6ith either -. e mr,,:,l s i or 11.4 mr:i hi TCE. a

ch hi ; er.-_ dose o& 11.-4 mmol, k: ot TCE z.s z" increasa-. tr,e nu rter

ot SLE ir Ekl4A (Fig 3. II one assumes trat the icjrtt, dose ct P

1..- mm:. kg TCE was as eltective as the titth. it wCu,; aF.Fear

tro.C,, the control c data that the S£E F oduced t. trf tourth

Fiet reater ent dose were reFaired bv the tire c' mei-su:eyre-.t i.e.

"., hi. a- ter the Ilst pretreatment dose).

ir,e a o'v'e da t a su•iested t hi- i Tt a n t- C, 1 1ie t C- I ,: -d is

S• " • " • " ",.'w " " "•' " " 0" .•;'r••',*.','''" ,''." "w" • " "''W" "•N '#' W



higher rates in phenobarbital arid.or TCE-pretreated animals. ma-i

be resýc'risible tor the SSE observed. Consequentfi,. the ability

ort statie metabolites of TOE to cause SSE in hepatic ['NA was

evaluatecd. The dose required to increase the traction ot DNA

unw~ound i n ~.hr to 0.4 was used to compare the potenc-i or the

metabolites tested. In~ male Sprague-t.awley rats. DCP' appeared to

tbe the most potent at the tout metabolites tested. A dose cl

mfr nn: k g ['C-A, 1 . 9 mm o I k g TC A. o r 2. 9 ePm olI ' k- Cl H roduce- a s

rrucr; 1.- dz.mE.e as 30 mmc I - k TOE. TCIEC'H did nct inc~e-ýse tr-e

nurrLcer c: SSE.~. at an,- dose tested 'Fig. es).

Ir~ce time course or alkaline unwinding ot heFatic D I*'/. r rc, -,

Yý'1s tre~teo with ý.6 mff~l Ag [l'CA and control anirr.ls is sthown in,

t i.jIe. [C-A. signiticantlv increasea the rate a, which~ dcutle-

st~ranaec ['NJA dissociated i n to single-stranided Eif.o. Asimiliar

pi- ter,.. :-, i esc onse was otser ý;eoC t., Mcr is I a Fzr.0 £e~ I Er '

I': Cetel min-e whet ter heratic irJui cc,--'r rec .i tr. tfic do-Ees

ustr: i r. rE .ar ic-us EEcb expef imenets s~rum ALI aria ,,Z I C-C Is w re *

m r-nIr tre. TCE i ncr easeo the serum ALT and AFi le e is c r. .- E atte

pherLat i t I Fr e tlea tm e r.t a rd a t t h F h IFh dos 5e Cr I mm:li~v

7 atl I C . Ne it he r e 'h &n oi o r TOkýE pr et re a tm ert xre s Itej in an,

IrcrC16ýS;' In. ttieSC SerUrr, enz~nmes fcllowirig trie chai lerF- 'acses of

h~ Acr ;n ist e red 'Ta b I E- CH. L)'CA. and WiC &lec- railed tc

i r.:1es EZSE er umr ALI and ASI I c-.'eIs toliowirg acute Fooiniistratior.

IrT B6C ýF I m Ice. TOE pr oduced ircreasea raltes or NIJA

N, *4'%



unwinding tollowing the administration or a dose or S-8 mmol/kg

TCE &no above (Fig. 6.'. Therefore, mice are substantially more

Sensitive to the induction or SSE in hepatic DNA than rats.

Docses abc'v.e mmol,-kg ICE were lethal to mice.

The responses or mice to oral doses ot the metatzIites or

'ICE dis~ll-ved a o~iterent order or potency thar, in, rats. The

doses required tc, increase the traction ot DN/A unwound tc . was

%..I mnzi ýg trc TC-.A. mmolikF Tor A.arc -. mci st.a Trc CH

- 4 IS iscci rm these data t ha t t he re is a

sutstar,*.ial dilIe re r; ce- in species respon~siveness tc 7,--irduced

11l SCUSEC I ON

'I s preis se nt stud, demonstrates t ht I E I :L jC-C cf

rdu...,. Ir ic heai i bocth MICE a:rj I S~ 1 1c r

S1-es tIca t Iof. M Ice- a ppea t o t.E mc reC s ers It;.e t o t he

err:'S ZI ICE tthar. rats. WaIIes 3i k aIEc cermzm-stra?.ez tha~t

t ter e 6-. a l inear inciease in the le;e I cr.t SSE ir mr:-se iiver

[,.lA t c. :xnE i. F. aao.I n ist ra t Ion or TCE. He alIsD rep.-: te.i that

the St r Z t. Ie a kS are repzairec within -4 hours. ccrnsiEsent with,

c~bservaliors maoe in the rat in the present stua,,.

I re increaseo number ot SE Produced t.-, 1CE rci oI Inir

phErl)CLa t ItZa precrt rea tnent sugglsts that metabclic ac t:a t I n I S

riece s a: I or L)14;- damage to. occur . Severa I studies hazvec rc-Vo r ted

t ha t c a Ient tI ndi ni to exogenous DNIA t a6,es C_ ac in the

F-resemice 01 liver miciosomes (Cunningham et ai.. 161:i:

11



Dikenzo et al., 1986; Bergman. 1963). The lack of demostrable

binding in vivo suggests that the L)NA-binding observed in these

in vitro studies are not directly related to the irnductiorn of SSB

reportec in the present stud',. It is presumed that sucr. binding

would involve the epoxide or acid chloride intermediates ir, TCE

metabolism. whereas the present data in3icates that the more

stable metabolites car, Froduce the e!rect at low oses. The

ncrianis_ by which SSE are induced b, these arents requires

Tur ther stucy.

U r,.ike pretreatments with phenobarbitaI cr TCE. etr. ani onI\

slightl'. increased the ability ot TCE tc cause ESE in DI1A a

char, -e tr.at was not statistical ly sicnitf:ant. The re . vi r

inerxec .iveness ot ethanol in this regard i,.a. be relatei to its

caFabtil'.- tcr inducing different iscz.r-es of ctochrme F-4E

thor, Fhe-s.arbitai. Ethanol administraTic r, is krnow', 'C. in'duce

a unique F--E• Isc.:,me with specific cata..tic Frc ert._Es

t i.c. et &-I.. 1 : ,ar, et al. 1 1 :. a'. i.ocj. et a ..

hI iIIr -6ue'ieiich ,194- , hi-.e show.'n t'= cto.lrc ,me ý-4L,*t-t

is uruso , ay erfticient in convertini TCE tc chlorai. 7ý:z Fresent

i e-ulks su jest that TCE induces a I:eI vatr et " cI F -4

isc=vmes than ethanol and that a pathway irduceo ., Fhe-:bbrbitLl

F.Ietreat r:,ent is imFortant in m.etabcIi r, TCE to me'atc jites

caFable -I producirng LNA-strand break:s.

Ihe most interesting aspect ot thIs stud., was the

substantial dilterenc.s in sensitivitv c! mice and rats to TCA.

Wti le there was a tendency for mice to be more sensit I .e to al I

12



the metabolites that tested positive, TCA was almost 20-told more

potent in mice than in rats. These results also parallel the

sensitivity of these species to the induction or hepatic

peroxisomes b, TCA (Elcombe 196S: DeAngelo et al. . 1966.).

Freliminazy data indicate that the induction or SSE occurs long

beIore there is any evidence of peroxisome proliteration

indicating increased beta-oxidation ot lIpids bt Peroxi.0mes

could nct account ror the SSb observed in the Fresert study.

AItr ou.r. these responses paral lel one another. tr, ere maf. be a

less obvious I ri aee between the two responses.

In summary, we have demonstrated that TOE is capable Lf

inducing SSE Inr hePat Ic ['NA ot mice and rats it, vivo.

Fretreatrment with Fhenobaibital or low doses or TCE. but nct with

ethanol. decreases the dose ot TCE required to indune SEE. Thiis

suigests the ir,.o'I ement of a metabolites , which is r:c.ouced t.,

a Fath%.,Z. that is xnau.ci le b, pherot-arbitai or ICE. Tre etrect

:ouLd te duji Icateo at much lo er doses usIr,. tre st. abie

rretabolItes of TOE: LA. 1TA. .and CH. su•gest.I,.E t rat Ore cr

fize of these comFounds are responsible. The vai i iati, on in tr, e

relati',-e poter, , oi TCA in mice and rats Fparallels the species

sfecili clt',' or tre hepatocarcinogenic eIrects c1 7,CE. Tre

inoucticr, of appears to be independent of the hepatotoxicit',

or these chenicaIs, since increased damage occur r.c in the

aosence ci significant elevations in serum AST and ALT !evels.
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TABLE 1

EFFECTS OF TCE ON ASFARTATE AMINOTRANSFERASE (AST) ANI'
AILAN1i4E AMINUiRANSFEhASE tALT) ACTIVITIES IN SERUM
FOLLOWING FRETREATMENT WITH PHENOBARBITAL OR TCE°

Fietreatment,Cnal lenge N AST* ALTL

SaIi ne. Tweern B . 1. 31 6 13

Ftienob:art. Iweerr, E9 4

Fr.&i,cLtrt lCE 11 z.- mmc,. 1 :. 4 :7 - t

o 1t1re ICE 11., mmolIkc -6 . 19 k" * 4

3C. E mrroi kl g *E ," 1E + .

iCE ICE 11.Li mnoi k s E,6 S . I• *

a &I uue a are GxF. ressecd a• c k.a er, urlts,'rn * + E1

L aiues are exrressed as L&alue units.m 4 SEIM

F L_. .E b, A14C,.k and E'uncan' s muJtlF, i e ranze test,

"ar, n mw:s w ere -letreated .tr. 11. f m c, I vg ITC.E to1 46 0aE S pr Tor
tc. a, ,haI er) e ao0se cr ICE

U

: : i i i i i • i



TAFLEZ

EFFECTS OF TOE O14 ASFARTATE AMINOTRANSFZRASE (AST) AND' ALANINE
AM I NOTRAt4SF ERASE 'ALT) ACTIVITIES I14 SERUMr FOLLOWING PRETREATMEN4T

WITH ETHANOL

Fretieatmerit;/Challenge 14 AST& ALTL

Wýtei i.e:. +-,

t.- tt b' 17 I

EtOH '),E 1i. mrr.: ~Iz 4 E 1
mmoiIl

water; ICE 11." mmcl I:g 5.0 ~
L .7mmc,1i.k. i '6 * 319 4 1

* ',aiues expressed as descr ited irn Tat ie 1.

* ýalues expre~sEd as oes:r itc- in Ta le.

14c s i r.11i icantt a i te i er:,cs i curnd by AJ. anid Lluncar,'s mu It i F Ic



TABLE B

EFFECTS OF DCA, TCA, 1TCEOH, A1tD CH ON ASPARTATE AM 1N07 RANE ERASE
tASTJ ANDi ALANINE AMINOTRANSFERASE (ALT) ACTIVITIES IN SERUM

C ha IIen ge N AST4 ALTt

T ween 33 + ~ +

D, 'm oIk1 4 3 B1

1C , I.. Mir mn 1ckg 4 4:4 + I~ E I

I C EOJ tz. mrroIc ' 1 6 + 44

,a .I ues expressed as Kar meni unitsrn km SEM

'-.iues exrresseo as LaL'ue units~ml SE

rW', sioriticant dittererces ?ound bv AIJ.'",o ano Lli'u:r~-s rmuitiple
range test.

1%



Fig. 1. The induction of SSB in rat hepatic DNA by TCE and
modification of this response by phenobarbital pretreatment.
Values given are the means from at least five animals ± SEM.

* Value statisically different. P 1 0.05 by ANOVA and Duncan's
multiple range test.

L:

0 No Pretreatment
0 Phenobarbital

S0.5

C S0.4 ,

Z 0.3

LL

0. 1 L1,0 10 20 30 40Challenge Dose TCE (mmol/Kg)

o -4.



Fig. 2. The induction of SSB in rat hepatic DNA by TCE and the
effect of ethanol pretreatments on this reponse. Values given
are means from at least five animals ± SEM. No significant
differences were found by ANOVA and Duncan's multiple range test.

C• 0 No Pretreatment
"0 Ethanol

V 0.5
M
0

3:0.4

Z 0.3-
0*
C
.0
t0 0.2

0.1

0 10 20 30 40
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Fig. 3. The induc~tion of SSB in rat hepatic DNA by TCE and T,
alteration of this response by TCE pretreatment;. Values givenare the means from at least five animals + SEN.Wk
*Values are jtestisically different. P S 0.05 by ANOVA and

Dun-:an's multiple range test.
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Fig. 4. The induction of DNA-strand breaks after exposure toDCA, TCA. CH, TCEOH, and TCE in rat hepatic DNA. Leach pointrepresents the mean from at least five animals I SEM. Thecontrol value ( ) included 34 animals.
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Fig. 5. The effect of DCA on the time course of alkalineunwinding of rat liver DNA. Values given are the means from atleast four animals ± SEM.

* Value statisically different. P 1 0.05 by ANOVA and Duncan's
multiple range test.
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a

Fig. 6. The induction of SSB after exposure to DCA, TCA, CH,
TCEOH, and TCE in mouse hepatic DNA. Each point represents the
mean of at least five animals I± SEM. The control value ( )
included 35 animals.
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